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Abstract

Logic jsomers arc diflierent realizations of a logic function which have the same nuniber of transis-
tors but have norw-isomorphic graphs when the graphs are labeled with respect to the inputs. Logic
isomers may have significantly diflerent power requirements depending, 011 the activity of the input
sig, nals cven though they have the same nummber of transisto rs. A heuristic measure of signal activ-
ity can lead to significant optimizations inpower-drivenlogic design as shown by several ¢Xamnijles
presented in the paper.

S i mary

The thrust towards lower power in VLSI is motivated by the dual considerations of cooling 3D silicon
and providing atiextended operating life 011 battery power. Whilemost of the rescarchion low power has
focused 011 low voltage tech it iology, there ha s not been uch research done in power-driven logic design.,
Fhis paper presents some new techniques for power optimization in logic desigri. We first develop the
concept of logic isomers which are diflerent realizations of alog ic function which have the same nuniber of
transistors but have non- isomos phic graphs when the graphs arc labeled with respect to the juputs, Thus,
for example, a two input NAND gate has two isoiners depending 011 how the sigh alsarc assigned to the
series transistors inthe n-logic block. W ¢ show that cventhough the two inputs to the NAND gate are
functionally equivalent, the inputs are not cquivalent from a consideration of the power requirciuents for
input switching. We show that evelysimple functions like a1-bit full-adder canhave very largeisomeric
cardinality (the total number of logic isomers) with significant diflerences in the power requireinents of
various Jsomncers. The power requircinents of the isomers depend 011 the behavior of the input signals
which is formalized in the coneept of signal activity. ‘T'he signal aclivily is amcasure of the transition
frequency of thesignal. We develop the notion of signallevel which allows the logic designer  (or  logic
synthesis tool) to oblain a heuristic measure of signal activity. We then show how this knowledge can be
used to optimize the logic design for power by the use of two rules of thunb. We presentseveral exatples
to show the relationship between signal level and signal activity and the different power requiremnents
of the logicisomes for cach example. The examples include a 16 bit carry lookahcad adder, a 16-bit
ripple-carry adder, and several randomnly synthesizedlog ic designs,



